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Indocyanine-green dye been used in man.3 0 Sinclair and co-workers4 demonstrated good agreement in dogs with experimental mitral regurgitation between measurements of regurgitation by upstream sampling and values calculated by the hydraulic formula of Gorlin and Dexter." In the studies in man, a relationship was demonstrable between the calculated values of regurgitant flow and clinical or surgical estimates of the severity of insufficiency. However, in the series of Levinson and associates, 8 in which duplicate measurements were obtained, the reproducibility of results was poor, and they concluded that, with conventional indicator-dilution techniques, this theoretically sound approach was not a dependable quantitative method. The difficulties in that series may be attributable to an uncontrollable sampling position, since the atrium was entered by the dorsal percutaneous approach. Lacy and co-workers2 had postulated and Circulation, Volume XXXV, January 1967 Sinclair and co-workers4 had demonstrated that the left atrial catheter should be located just proximal to the mitral valve. Jose and Bernstein9 used an atrial sampling needle introduced by the transseptal route and reported a better agreement between duplicate measurements. However, in our laboratory, using the transseptal technique, the method continues to yield measurements which are poorly reproducible and occasionally manifestly incorrect in the light of clinical, hemodynamic, cinefluorographic, and surgical evidence.
We have previously effected a substantial improvement in the measurement of aortic regurgitation in man by substituting continuous infusions of indicator for sudden single injections12 and have shown that this method provides accurate measurements in dogs with simulated aortic regurgitation. ' mean error of estimate at 95% confidence limits was 27.2% for QF, 99.6% for QR, 58.0% for QT, and 51.3% for QR/QT. In addition, several measurements using sudden injections were mathematically absurd or physiologically incredible. Examples of the former are two of the six measurements in patient S.E., in which Af/Ar was less than one, yielding a QR exceeding QT; examples of the latter are the total flows of 95 L/min in one of S.E.'s measurements and of 100 L/min and 544 L/min in the two measurements in patient F.A. In figure 4 , the good agreement between sequential measurements for the continuousinfusion technique and the poor agreement for the sudden-injection technique is illustrated for measurements of QR/ QT. Measurements using sudden injections were no more 26 L/min, P < 0.05). In 17 instances, both of these were compared with QF obtained from arterial dilution curves following sudden injections into the pulmonary artery. All three measurements were made at similar heart rates and over a period of less than 15 minutes. Measurements of systemic flow during the continuous infusion of indicator into the left ventricle exhibited excellent agreement with those obtained from arterial dilution curves following sudden injection into the pulmonary artery (mean difference = + 0.04 L/min, P < 0.7). However, forward flows obtained with sudden injection into the left ventricle significantly exceeded those obtained after pulmonary artery injection (mean difference = +0.39 L/min, P < 0.01). that the timing and location of sudden injections into the left ventricle had little effect on the reproducibility of measurements, but that the results were profoundly influenced by the position of the atrial sampling catheter. In the present study, the difference in reproducibility between the continuous-infusion and sudden-injection methods is independent of atrial catheter position, since the position was not altered during the random intermingling of the two methods and corresponded throughout to the position recommended on theoretic2 and empiric grounds.4 The conclusion that the improvement effected by the use of continuous infusion results from less vulnerability to error in the presence of varying stroke volumes and from superior randomization of dye distribution within the ventricle is supported by the finding that forward flow measurements during continuous infusions into the ventricle agreed well with those obtained by sudden injections into the pulmonary artery but that forward flows measured with sudden injections into the ventricle did not. Since mixing in the left ventricle and in the aortic root is undoubtedly superior to mixing in the left atrium, it is not surprising that the substitution of continuous indicator infusion for sudden single injection improved the reproducibility of measurements in aortic regurgitation substantially more than in mitral regurgitation. (In the former, the error of estimate at 95% confidence limits for the regurgitant fraction was reduced from 37% to 9% while the decrease in mitral regurgitation was only from 51% to 25%.) Never 
